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With the development of optical communication technology and the application 
of dense wavelength division multiplexing (DWDM) systems, all-optical network 
(AON) has become the trend of network development. Optical switch is one of the 
most important components in AON, it is mainly used to achieve the routing, 
wavelength selection, optical add/drop multiplexer (OADM), optical cross connect 
(OXC) and self-healing protection in the optical layers. The research of optical switch 
is increasingly becoming the focus of optical communications. 
Based on the Faraday effect in the magneto-optic materials, a novel 
magneto-optic switch——1×2 high-speed all-fiber magneto-optic switch is designed 
and investigated in this paper. It is characterized by simplicity in structure, high 
switching speed and easy integration etc. The research includes the following areas: 
(1) The designment of optical route. Making use of a magneto-optic crystal film, 
half-wave plate, polarizing beam splitter (PBS), polarization beam combiner (PBC) 
and high-speed Faraday rotator, a type of 1 × 2 all-fiber magneto-optic switch is 
designed. Theoretical analyses have showed that the design is feasible. The difficulty 
of the designment is the optical alignment. In this study, a 6-axis motorized stage from 
SURUGA Ltd is used. The light can be collimated accurately using a computer, so the 
insertion loss of the switch will reduce. Experimental results show that the design 
scheme is characterized by simplicity in structure, polarization independence, low 
insertion loss, small bulk, easy integration and so on. 
(2) The selection of magneto-optic materials. Magneto-optic materials include 
magneto-optic crystals, magneto-optic films and rare-earth iron garnet single crystals. 
Compare and analyze the properties of magneto-optic materials, including Faraday 
rotation, temperature stability, saturation field and insertion loss. Finally, a 
bismuth-substituted rare-earth iron garnet (Bi-RIG) single crystal, obtained from 
GRANOPT Ltd is chosen as the Faraday rotator in this study. 
(3) The designment and manufacture of pulse generators. Based on the avalanche 
multiplier effect of avalanche transistors and the step characteristics of step recovery 
diodes, three different kinds of pulse generators are designed and manufactured. The 














out. Experimental results show that pulses from the designed nanosecond pulse 
generator have a rise time about 2-5ns, pulse width about 6-20ns, and pulse amplitude 
about 30-150V. The rise time of the designed picosecond pulses is up to 680ps, 
however, the pulse amplitude is too small, and the pulse current is at mA level only. In 
the end, we choose the nanosecond pulse generator which generated by avalanche 
transistor FMMT415 as the drive circuit in the magneto-optic switch. An alternating 
pulse generator which triggered by a single chip AT89S52 has also been designed, in 
order to meet the requirements of the magneto-optic switches.  
(4) The designment of high-speed magnetic field. A magneto-optic switch 
requires that the high-speed magnetic field driven by the pulse generator should have 
the features of high speed, low hysteresis, strong magnetic induction intensity and 
good stability, etc. Through the feasibility analysis and program comparison between 
the U-type magnetic field structure and the solenoid, we finally decide to adopt the 
solenoid as magnetic field structure in this study. In order to improve the switching 
time of magneto-optic switches, the structural dimension of the solenoid is designed, 
the magnetic field intensity and self-induction coefficient is calculated, the hysteresis 
effect and its influencing factors is optimized. 
(5) The measurement of the magneto-optic switches. In order to measure the 
overall performance of the magneto-optic switches, a testing platform is set up. The 
experiments include the measurement of Faraday rotation in the magneto-optic 
materials and the insertion loss, crosstalk, extinction ratio, and switching time in the 
magneto-optic switches. Since the switching time is the most important parameter of 
the switches, its influencing factors are analyzed and optimized. The experimental 
results show that the insertion loss of the designed magneto-optic switches is 1.55dB, 
crosstalk is 23.69dB, extinction ratio is -23.69dB, and the switching time is 
100~400ns. At present, the switching speed we have achieved is at the international 
leading level. 
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